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Abstract 
The contamination of EEG by artifacts requires automatic artifact detection for EEG processing systems. It is particularly 
important for automatic seizure detection systems since artifacts can mimic rhythmical pathological EEG. In this paper we 
present a novel approach to artifact detection by considering the spatial distribution of the rhythmicity of the EEG signal 
with the help of the Periodic Waveform Analysis (PWA). The algorithm enables to identify defect electrodes during the 
EEG-processing. The good performance of this algorithm is shown by including it into the automatic seizure detection 
system EpiScan and applying it to a very large and varied database. 
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1. Introduction 
EEG recordings are often contaminated by artifacts, which makes the EEG less readable for a human 
reader or an automatic EEG processing system. This might lead to misdiagnosis, since interesting patterns can 
be missed or artifacts can be misinterpreted as epileptic seizures. Technical artifacts can have many different 
causes [1]. Very often a dry, broken or badly placed electrode leads to artifacts with rhythmical patterns that 
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mimic epileptiform signals. In an automatic EEG-processing system it is therefore necessary to detect or even 
remove these artifacts if possible.   
Most of the artifact detection techniques described in the literature use thresholding based on time-
frequency features of the signal. Lower- and higher statistical properties of the EEG signal are used, as well as 
adaptive thresholding [2] [6]. For many electrode artifacts these thresholding techniques do not suffice.  
Decomposition techniques as independent component analysis (ICA) [2] or principal component analysis 
(PCA) [6]  as well as classifier methods [5] are computationally expensive or require a large amount of 
supervised data for parameter identification prior to online processing.  
Here, we are presenting a novel algorithm that exploits the spatial distribution of the rhythmicity of the 
EEG signal with the help of the Periodic Waveform Analysis (PWA) [7] in order to recognize artifacts. The 
system works automatically, reliably and is computationally inexpensive. In order to show the performance, it 
was included into the automatic seizure detection system EpiScan [8] and applied to 5121h of unselected EEG 
from an epilepsy monitoring unit. It improved the seizure detection by reducing the false alarm rate by 38%, 
in average, while reducing the sensitivity by only 2%. 
2. Method 
2.1. Description of artifacts 
When a medical physician or technician checks if an EEG channel has an artifact, the workflow is ususally 
the following: Relevant signal patterns of the EEG signal of the channel are identified and searched for on 
other channels. If no other channel with the similar patterns is found, then the signal is likely to be an artifact 
with an extra-cerebral source. This workflow is reproduced in the algorithm presented here. By measuring the 
rhythmicity of the signal for each electrode and comparing it to the rhythmicity of the signal of the adjacent 
electrodes, artifacts will be recognized. 
2.2. Measure of the rhythmicity 
The PWA from the seizure detection algorithm EpiScan [7] was used to measure the rhythmicity of the 
signal. This algorithm detects rhythmic EEG patterns, which are the most frequent ones for temporal lobe 
epilepsies [8]. First, the Periodic Energy Index (PEI) is computed, which is the maximum harmonic energy      
of an EEG signal     : 
 
 
(1) 
       
being a rectangular time window chosen such that the energy is bounded. The Periodic Waveform Index 
(PWI) is equal to the PEI normalized by the signal energy       : 
                                                                                             (2) 
The PWI is close to one for very rhythmic (periodic) signals and approaches zero for totally non-rhythmic 
signals.  
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2.3. Algorithm
The EEG data is processed blockwise. Every electrode is checked for an artifact in every block of data.
The rhythmicity is measured for each electrode and compared to the rhythmicity values of the adjacent 
electrodes. The set of adjacent electrodes is defined beforehand. The set can include up to 5 adjacent 
electrodes, depending on the position on the skull. The comparison of the rhythmicity is done by computing
the ratio between the rhythmicity of the electrode and a statistic of the rhythmicities of the
neighbors. The rhythmicity will be evaluated with one of the two measures PWI and PEI. The statistic will be
chosen as the maximum or the mean.
(3)
j being the indexes of the neighboring electrodes and N(i) the number of adjacent electrodes to
This ratio is then compared to a threshold    . If it is higher than  , the electrode in the considered signal
block is recognized as an artifact.
                                                                                                       (4)
The threshold was evaluated experimentally for the different settings (with PWI or PEI, using maximum
or mean). Best results were achieved with            
3. Performance Evaluation
3.1. EpiScan
EpiScan is an online seizure detection algorithm for long-term EEG monitoring, which is based on the
frequency-domain Periodic Waveform Analysis (PWA) and a time-domain analysis called Epileptiform Wave
Sequence (EWS). PWA and EWS detect regular and irregular rhythmical EEG patterns. They are followed
by an adaptation module automatically adjusting the algorithm to patient-specific EEG properties.
3.2. Performance Evaluation
The artifact detection algorithm was evaluated by applying the EpiScan system and measuring the
performance with and without artifact detection. The performance of the seizure detection was estimated by 
calculating the average sensitivity and false alarm rate over all patients.  For each patient the sensitivity was
defined as the ratio of the number of correct detections to the number of seizures and the false alarm rate was
the average number of false detections per hour (FA/h).
3.3. Data
EpiScan was applied to the EEG of 68 patients, 28 of them with epileptic seizures. The data included 5121
h of unselected EEG with 185 marked seizures recorded on an epilepsy monitoring unit. The markers were
viewed and evaluated by EEG-technicians. The EEG was recorded with electrodes from the standard 10-20 
system plus additional electrodes used for epilepsy.
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4. Results and Discussion
The algorithm was used in several settings: with the measures PWI and PEI, maximum and mean for the
rhythmicities of the neighbors and 3 different thresholds . The results are summarized in Table 1. 
Table 1. Performance values
rhythmicity measure max or mean threshold false alarm rate sensitivity
without artifact detection - - 0.66 72%
PWI max 1.2 0.40 70%
PWI max 1.15 0.40 69%
PWI mean 1.2 0.29 63%
PWI mean 1.5 0.29 63%
PEI max 1.2 0.37 67%
PEI max 1.15 0.37 67%
PEI mean 1.2 0.30 59%
PEI mean 1.5 0.31 59%
EpiScan without the artifact reduction had a false alarm rate of 0.67 FA/h and a sensitivity of 72%. 
EpiScan with artifact reduction in all settings achieved a reduced false alarm rate but also reduced sensitivity.
With PWI a higher false alarm rate and sensitivities were achieved than with PEI. The settings with the
maximum produced higher false alarm rates and sensitivities than with the mean. The change of threshold 
did not have a significant impact in the performance.  For the setting with PWI, the maximum and a threshold 
of 1.2, the average false alarm rate resulted in 0.4 FA/h and the average sensitivity in 70%. This means that 
the false alarm rates of the patients were reduced in average by 38% while only 2% sensitivity or 6 true 
positives were lost. This is the setting with the largest sensitivity. For this setting, more detailed data is
presented in Figure 1 and Figure 2. 
Figure 1. (a) Histogram of false alarm rates; (b) Histogram of sensitivities
In Figure 1 (a) you can see that 16 additional datasets dropped to a false alarm rate below 0.25 FA/h and
only 3 datasets had a FA/h larger than 1 FA/h in contrast to 11 before artifact reduction. At the same time the
distribution of the sensitivities did not change much. Only one dataset was gone from the category of 100%
sensitivity (see Figure 1 (b)). As can be seen in the distribution of the reduction in FA/h pictured in Figure 2,
except for 3 datasets where the false alarm rate was already below 0.06 FA/h, a reduction of the false alarm
rate of at least 9% and up to 76% was observed for all datasets.
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Figure 2. Distribution of the reduction of the false alarm rates
5. Conclusion
We presented an novel automatic artifact detection system that uses the spatial distribution of the
rhythmicity of the signal to recognize artifacts in the EEG. The algorithm was evaluated with the EpiScan
seizure detection system on a very large amount of data including all kinds of EEGs and artifacts. The artifact 
detection algorithm strongly improved the automatic seizure detection system. The best performance that was
achieved was of 0.4 FA/h and a sensitivity of 70%. The false alarm rate was reduced by 38% in average while
the sensitivity was only reduced by 2% or a loss of 6 detections.
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